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© "Residual current circuit breaker. 

@ A sensor device for a residual current circuit breaker 
has a magnetic core (1) on which portions of respective 
conductors (3, 4) carrying current to and from a load are 
wound, and a Hall Effect element (2) located in an air gap 
in the core for producing an output signal dependent upon 
the resultant flux intensity induced in the core. The circuit 
breaker includes a signal processor (16) controlling actua- 
tion of a tripping solenoid (11) to open contacts (RC1, RC2) 
to interrupt supply of electric power to a load (10) when the 
currents flowing In the respective conductors (3, 4) differ by 
more than a given amount. 
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[TITLE MODIFIED 

IMPROVEMENTS IN OR RELATING TO 
RESIDUAL CURRENT CIRCUIT BREAKERS 

This invention relates to residual current 
circuit breakers, otherwise known as earth leakage circuit 
breakers, and in particular refers to a sensor device 
suitable for use in such circuit breakers. 
5 Residual current circuit breakers are employed 

as safety devices and serve to interrupt the supply of 
electric power to a load, especially hand held electrical 
appliances; when a predetermined imbalance occurs in the 
currents flowing in the supply and return conductors 

10 connecting the load to the electric supply. Typically 
the devices are adapted to operate to cut off the power 
supply in response to an earth leakage current of lOma, 
30ma, lOOma or 300ma. In order to sense an imbalance of 
this order in the current loading of the line and return 

15 conductors a very sensitive detector is required. The 
residual current circuit breakers presently available 
on the market have earth leakage current sensing 
components comprising a toroidal ring of magnetic 
material which forms an annular core. The line and 

20 return conductors are each wound onto the core with a few- 
turns, but in opposite senses so that the magnetic 
fluxes induced in the core by the currents flowing in 
the conductors will be directed oppositely and have a 
self cancelling effect. For sensing the resultant 

25 magnetic flux induced in the core a sensing coil is also 
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occur when there is an earth leakage current in the order 
of only tens of milliamps a very large number of turns 
are needed- Even then very sensitive and hence compli- 
cates signal processing circuitry is necessary so that 
5 the circuit breaker will respond to the predetermined 

earth leakage current. The prior art sensing devices are 
inconvenient and expensive to manufacuture mainly due to 
the need to provide many turns of the sensor coil on an 
annular core. 

10 The present invention seeks to provide a solution 

to the above disadvantages and in accordance with the 
invention there is provided a sensor device for sensing 
a deviation between electric currents flowing in res- 
pective conductors comprising a magnetic core member 

15 defining a magnetic circuit, portions of the conductors 
wound upon the core member for electric currents flowing 
in the conductors to induce in the magnetic circuit 
oppositely directed magnetic fluxes, and means for 
detecing magnetic flux in the magnetic circuit and 

20 producing an electrical output signal dependent upon the 
magnetic flux intensity, characterised in that the 
magnetic circuit defined by the core member is substan- 
tially closed but includes an air gap, and the flux de- 
tecting means is a Hall Effect element located in the air gap. 

25 With the device of the invention the need for a 

sensor coil is completely eliminated and manufacture is 
thereby simplified. Futhermore, a Hall Effect element 
can be more sensitive than a sensor coil and produce a 
larger change in output signal so that the signal pro- 

30 cessing circuitry may be less sensitive and therefore less 
complicated and less expensive. For example, a known 
device including 250 turns in the sensor coil produces an 
output of 30mv peak to peak when the currents are 
balanced and this signal increases only to 30*4mv in 

35 response to an earth leakage current of 30ma. For a device 
according to the invention the corresponding values are 
2mv and 3 • 5mv . respectively. In other words the signal 
changes by 75a compared with I • 3% for the known device. 

A further advantage of the sensor device proposed 
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corresponding values are 2mv and 3 • 5 m v > respectively. 
In other words the signal changes by 7 5% compared with 
1.3^ for the known device. 

A further advantage of the sensor device proposed 
5 according to the invention is that it can operate with 
DC as well as AC whereas the prior art sensors mentioned 
above are only suitable for AC. 

To enhance the sensitivity of the device it is 
expedient that the Hall Effect element substantially 
10 fills the w T idth of the air gap, and also is dimensioned 

so that substantially all of the magnetic flux traversing 
the air gap is transmitted through the element. 

The invention also resides in a residual current 
circuit breaker having a sensor device in accordance 
15 with the invention. 

A more complete understanding of the invention will 
be had from the following detailed description which is 
given with reference to the accompanying drawings, in 
which: 

20 Figure 1 is a perspective view of a sensor device 

embodying the invention: and 

Figure 2 is a circuit diagram showing the sensor 
device connected in a residual current circuit breaker 
controlling the connections between a load and an 

25 electrical power source. 

The sensor device illustrated in Figure 1 comprises 
a magnetic core 1 having the form of a toroid except for 
a single narrow air gap. Located in the air gap, 
preferably with a sliding fit or with a small clearance 

30 between the opposed pole pieces of the core is a Linear 
Hall Effect integrated circuit element 2. The element 
2 has such a size that substantially all the magnetic 
flux passing between the pole pieces is transmitted 
through the element. Two conductor coils 3*4 are wound 

35 with an equal number of turns on opposite sides of the 
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core 1 , and in use the conductors are connected so that 
the currents they carry induce oppositely directed 
magnetic fluxes through the closed magnetic circuit 
defined by the core 1 and intersected by the Hall 
5 element 2. Thus, when the currents flowing in the 

respective conductors are equal there is no resultant 
flux in the magnetic circuit and no output signal is 
produced by the Hall element 2. If the currents carried 
by the conductor coils differ, however, a magnetic flux 

10 is induced in the core 1 and will have an intensity 
dependent upon the difference between the electric 
currents, and the Hall element 2 will emit a signal which 
is proportional to the resultant magnetic flux. To 
retain the components of the sensor device in correct 

15 position it may be embedded in a suitable encapsulation 
material, and for magnetic screening purposes it may be 
encased within a layer of ferrous material. 

Figure 2 is a diagram showing the sensor device 
of Figure 1 connected in the electric circuit of a 

20 residual current circuit breaker which controls the 
supply of electric power to a load or applicance 10 
(shown in dotted line) from an electric power source, 
such as the mains AC supply. The circuit breaker 
includes a switching device constituted by a tripping 

2 5 solenoid 11 and a double pole switch having two sets of 

contacts RC1 and RC2 through w T hich the conductors 3,4 are 
respectively connected to terminal connections 12,13 for 
connection to the Line and Neutral sides of the power 
supply. The switch is operable manually to open and close 
30 the contacts RC1,RC2 ; and the solenoid is arranged to trip 
the switch contacts from the closed condition to the 
open condition when the solenoid is energised. The load 
10 is connected between output terminal connections 
14 5 15 at the other ends of the conductors 3,4. The 

3 5 output terminal of the Hall Effect element 2 is connected 

to the input of a signal processor 16 which is described 
in detail below. As will become clear, the signal 
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process includes a switch component 17 connected in 
series with the energising coil of the tripping solenoid 
11 between the conductors 3>4- In a normal condition 
of the solenoid 11 , the contact sets RC1.RC2 can be 
5 closed for the load 10 to be connected to the power supply, 
and the switch component 17 is operable to actuate the 
solenoid to open the contact sets RC1,RC2 and thereby 
disconnect the load from the power supply* Once the 
solenoid has been actuated to trip open the contact sets, 

10 the double pole switch must be reset manually to close the 
contacts and re-establish the electric current paths 
between the load and the power source. 

To provide a DC power supply for the Hall Effect 
element and the signal processor 16, a resistor 17 and a 

15 rectifier bridge l8 are connected in series across the 
power input terminals 12,13 through conductor lines 19, 
20. The DC output voltage from the bridge l8 is supplied 
to a pair of DC lines 21,22 and is stablised e.g. at 5 
volts, by a zener diode 23 and capacitor 24 connected in 

20 parallel between the lines 21,22. The stablised DC 

voltage is fed to the Hall Effect element 2, and to the 
signal processor (by connections not shown) through the 
lines 21,22. 

The signal processor includes an AC coupling 25* 
25 AC amplifier 26, precision rectifier 28, a comparator 
29 and an optical isolator 30 arranged in sequence. 
The AC coupling 25, conveniently a simple capacitor 
filters any DC component from the signal emitted by the 
Hall Effect element 2 before transmitting the signal to 
30 the input side of the AC amplifier 26. The amplified 
signal from the output amplifier 26 is supplied to the 
input of the precision rectifier 28 which converts 
it into a DC voltage signal. Thus, the signal emitted 
from the output of the rectifier is proportional to 
35 the AC signal from the Hall element 2, and hence to the 
flux in the magnetic core 1 and thereby to the 
difference in the electric currents flowing in the supply 
and return conductors 3,4- The comparator 29 compares 
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the output signal from the rectif ier with a reference 
voltage V conveniently obtained by means of a voltage 
divider connected across the DC lines 21*22- As shown 
the voltage divider takes the form of a potentiometer 31 
5 having its wiper contact connected to the comparator, 

but it could instead be provided by a pair or resistors. 
The reference voltage is set at such a level, e.g. about 
3 volts., that it is normally greater than the signal 
from the rectifier 27 3 but the latter signal exceeds the 

10 reference voltage when a predetermined imbalance occurs 
between the currents in the conductors 3>4- The 
comparator compares the two input signals fed to it and 
emits an output only when the signal from rectifier 27 
is greater than the reference voltage V. The output 

1 5 signal generated by the comparator operates the 

switching device 17 to trip the solenoid 11 and hence 
interrupt the electrical connections between the load 10 
and the mains power supply. In the illustrated 
embodiment, the comparator output is coupled to the 

20 switching device 17 through an optical isolator. Thus, 
the comparator output signal is supplied to a light 
emitting diode 32. and the switching device 17 takes the 
form of a light activated triac which responds to the 
light radiated from the diode 32. The optical isolator 

25 has the advantage of separating the electronic circuitry 
of the signal processor from the mains supply, thereby 
protecting the sensitive components of the signal 
processor against serious damage should a fault occur 
in the circuitry of the residual current circuit breaker. 

30 In theory, when the currents flowing in the two 

conductors 3>4 are equal, there should be no resultant 
flux induced in the magnetic circuit of the core 1 so 
that a zero signal is emitted by the Hall element 2. 
In reality, this theoretically ideal situation is not 

3 5 practically possible and a small background signal will 
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always be emitted by the Hall element. However, this 
background signal results in a signal from the rectifier 
stage of the signal processor which is less than the 
reference voltage V so the switching triac is not 
5 triggered and the solenoid is not actuated. As mentioned 
above, when the currents in conductors 3*4 differ by a 
predetermined amount, e.g. lOma, the signal from the 
Hall element increase to such a level that the voltage 
of the signal from the rectifier exceeds the reference 

10 voltage V resulting in the solenoid 11 being energised 
to trip open the contacts RC1 , RC2 and interrupt the 
supply of electric power to the load 10. When the 
cause of the current imbalance has been corrected, the 
double pole switch can be operated manually to reclose the 

15 contacts RC1,RC2 to allow normal operation to be continued . 

The AC coupling 25 included at the input of the 
signal processor acts as a safety device by making the 
circuit breaker impossible to over-ride by positioning a 
permanent magnet in the vicinity of the sensor. 

2Q The sensor may be provided with magnetic screening 

to make it insensitive to external magnetic fields, e.g. 
to avoid spurious operation under the influence of such 
fields. For this purpose the sensor could be potted 
within a box of ferrous metal or other suitable ferrous i 

25 material, or alternatively a coating of ferrous material 
could be sprayed or otherwise applied to the encapsulated 
sensor . 

In order to enable the circuit breaker to be 
tested an auxiliary load 33 may be connected in series 

3q with a push button switch 34 between the conductors 

3,4 to by-pass the coiled portion of one conductor 3- 
Upon pressing the button to close the switch 34 different 
current levels will be established in the coiled portions 
of conductors 3 and 4 and, provided the circuit breaker 

35 is functioning correctly, the solenoid 11 will be 

energised to open the contacts RC1, RC2. After releasing 
the button to reclose the switch 34 the double pole switch 
can be operated manually to reclose the contacts RC1,RC2 
and thus complete the test procedure. 
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CLAIMS: 

1. A sensor device for sensing a deviation between 
electric currents flowing in respective conductors 
(3,4), comprising a magnetic core member (l) defining 
a magnetic circuit, portions of the conductors wound 

5 upon the core member for electric currents flowing in 
the conductors to induce in the magnetic circuit 
oppositely directed magnetic fluxes, and means for 
detecting magnetic flux in the magnetic circuit and 
producing an electrical output signal dependent upon 
10 the magnetic flux intensity, characterised in that the 
magnetic circuit defined by the core member is 
substantially closed but includes an air gap, and the 
flux detecting means is a Hall Effect element (2) 
Icoated in the air gap. 

15 

2. A sensor device according to claim 1, wherein the 
Hall Effect element (2) substantially fills the width 

of the air gap between the opposed pole pieces of the 
core member (10. 

20 

3. A sensor device according to claim 1 or 2 , wherein 
the Hall Effect element (2) is of such a size that 
substantially all of the magnetic flux passing between 
the pole pieces at either side of the air gap is 

25 transmitted through said element (2). 

4- A sensor device according to claim 1,2 or 3 

wherein the core member is a toroidal ring with a 
single air gap. 

30 

5* A residual current circuit breaker comprising a 

sensor device as defined in any one of claims 1 to 4- 
switch means (RC1.RC2) for controlling the electrical 
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connection of a load (10) to an electrical power supply- 
through the conductors (3,4) of the sensor device, and 
control means responsive to the output signal from the 
Hall Effect element (2) of the sensor device for 
5 actuating said switch means to interrupt said electrical 
connection when the electric currents flowing in said 
conductors (3,4) differ by a predetermined amount. 

6. A residual current circuit breaker according to 

10 claim 5, wherein the control means includes a tripping 
solenoid (11), and a signal processor (16) connected 
to the Hall Effect element (2) and including a switch 
device (17) connected in series with the energising coil 
of the solenoid (11 ) between the conductors (3,4). 



15 



20 



7 . A residual current circuit breaker according to 

claim 6, wherein the signal processor (l6) comprises 
means (26.28) for producing a voltage signal proportional 
to the output, signal from the Hall Effect element (2), 
and means (29) for comparing said voltage signal with 
a constant reference signal and for emitting an output 
signal to operate the switch device (17) when said 
voltage signal exceeds said constant signal. 

25 8. A residual current circuit breaker according to 

claim 7, wherein the switch device (17) is optically 
isolated from said signal comparing means. 



30 



Q. A residual current circuit breaker according to 

claim 7 or 8, wherein means (17-22) are provided for 
producing a stabilised DC power supply for the Hall 
Effect element and the signal processor, and said 
reference voltage is derived from a voltage divider 
connected across the DC supply. 



35 
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10. A residual current circuit breaker according to 

any one of claims 6 -to 9.- wherein the signal processor 
includes an AC coupling (25) for removing any DC 
component in the output signal from the Hall Effect 
element ( 2 ) . 
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